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ABSTRACT
We analyze the CIII]-λ1908Å emission properties in a sample of 3899 star-forming galaxies (SFGs) at 2<z<3.8 drawn from the
VIMOS Ultra-Deep Survey (VUDS). We find a median equivalent width EW(CIII])=2.0±0.2 to 2.2±0.2Å for the whole SFG pop-
ulation at 2<z<3 and 3<z<4, respectively. About 24% of SFGs are showing EW(CIII])>3Å, including ∼20% with modest emission
3<EW(CIII])<10Å and ∼4% with strong emission EW(CIII])>10Å. A small but significant fraction of 1.2% of SFGs presents
strong CIII] emission 20<EW(CIII])<40Å, with the four strongest emitters (EW(CIII])>40Å up to ∼95Å) being associated with
broad-line quasars. While this makes CIII] the second most-frequent emission line in the UV rest-frame spectra of SFGs after Lyman-
α, this line alone cannot be considered an efficient substitute to measure a galaxy redshift in the absence of Lyα emission, unless
the spectral resolution is R>3000 to distinguish among different possible doublets. We find a large dispersion in the weak correla-
tion between EW(CIII]) and EW(Lyα), with galaxies showing strong CIII] and no Lyα, and vice-versa. The spectra of SFGs with
10<EW(CIII])<40Å present strong emission lines including CIV-λ1549, HeII-λ1640, OIII-λ1664, but also weaker emission features
of highly ionized elements like SiIV-λ1403, NIV-λ1485, NIII-λ1750, or SiIII-λ1888, indicating the presence of a hard radiation field.
We present a broad range of observational evidence supporting the presence of AGN in the strong CIII] emitting population. As
EW(CIII]) is rising, we identify increasingly powerful outflows with velocities up to ∼1014 km/s, beyond what stellar winds are com-
monly producing. The strongest CIII] emitters are preferentially located below the main sequence of star-forming galaxies, with the
median star formation rate being reduced by a factor of two. In addition, we find that the median stellar age of the strongest emitters
is ∼0.8 Gyr, about three times that of galaxies with EW(CIII])<10Å. X-ray stacked imaging of the strong CIII] emitters sample show
a marginal 2σ detection consistent with low luminosity AGN log(LX(2 − 10keV))∼42.9 erg/s. Spectral line analysis and classification
presented in a joint paper by Nakajima et al. (2017) confirms that the strongest emitters require the presence of an AGN. We conclude
that these properties are indicative of AGN feedback acting in SFGs at 2<z<3.8, contributing to star-formation quenching. We find
that quenching timescales of ∼ 0.25 − 0.5 × 109 years, are necessary for such AGN feedback to turn part of the star-forming galaxy
population with Mstar > 1010M⊙ at z∼3 into the population of quiescent galaxies observed at redshift z ∼ 1 − 2.
Key words. Galaxies: high redshift – Galaxies: evolution – Galaxies: formation – Galaxies: star formation – Galaxies: active galactic
nuclei
1. Introduction
Progress in understanding the formation and early assembly
of galaxies requires assembling large samples of high redshift
⋆ Based on data obtained with the European Southern Observatory
Very Large Telescope, Paranal, Chile, under Large Program 185.A–
0791.
galaxies. The first galaxies formed during the epoch of reioniza-
tion (EoR) are thought to contribute most of the photons trans-
forming neutral Hydrogen into a fully ionized medium at z > 6
(Robertson et al. 2015). However, this evidence is based mostly
on a census of galaxies identified from their photometric prop-
erties (e.g. Bouwens et al. 2015), while confirming their redshift
remains difficult because spectral signatures allowing their iden-
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tification are scarce (Pentericci et al. 2011; Stark et al. 2010).
Transforming the large population of galaxy candidates at z > 6
into reference samples with the confirmed spectroscopic red-
shifts needed to infer their physical properties remains a major
issue.
In the rest-frame UV spectra of galaxies observed at these
redshifts, several spectral features are expected to be present,
but only a few emission lines may reach a sufficient strength to
be detected and either serve as a useful reference for a robust
redshift measurement, or as a physical diagnostic to the ioniz-
ing field and interstellar medium (ISM). The properties of these
lines need to be well understood to make progress in finding and
characterizing galaxies at these redshifts.
The main spectral features used to identify distant galax-
ies rely on the properties of the Hydrogen atom between the
Lyman−α (hereafter Lyα) transition at λ1215.7Å and the Lyman
limit at λ912Å. While the Lyman-limit and continuum drop-
out from absorption by gas clouds in the inter-galactic medium
(IGM) on the line of sight allow the identification of candidate
high redshift galaxies from photometry alone, the key feature al-
lowing to robustly identify distant galaxies from spectroscopic
follow-up is the Lyα emission, primarily produced by gas pho-
toionized by young hot stars. Lyα emission, when present, is
easier to detect than a continuum break and therefore most of
the galaxies at z>6 securely confirmed from spectroscopy to-
day are based on the detection of Lyα in emission. Narrow-band
imaging is also used for Lyα emitters searches (e.g. Ouchi et al.
2008), but it remains difficult to analyze extreme populations like
strong emitters appearing as massive, old, and with low star for-
mation (Taniguchi et al. 2015) without additional spectral infor-
mation besides Lyα.
Unfortunately, it appears that the fraction of Lyα emitters,
while rising up to z ∼ 6 (e.g. Stark et al. 2009; Cassata et al.
2015; De Barros et al. 2017), seems to be suddenly decreas-
ing at higher redshifts, which is interpreted as the signature
of the end of reionization at around z ∼ 6 (Stark et al. 2010;
Pentericci et al. 2014). Neutral Hydrogen acts to significantly
scatter Lyα which diffuses the emission, and, in the pres-
ence of dust,causes attenuation which makes the feature diffi-
cult to detect at z > 6 (Vanzella et al. 2011; Treu et al. 2013;
Pentericci et al. 2014; Oesch et al. 2016; Hoag et al. 2017). One
is therefore seeking alternatives to Lyα to obtain accurate red-
shift measurements of the most distant galaxies.
Interestingly, the Carbon line emission may come to the res-
cue, from atomic transitions visible both in the sub-millimeter
domain with the [CII]-158µm line (e.g. Carilli & Walter 2013;
Capak et al. 2015; Pentericci et al. 2016; Bradacˇ et al. 2017),
as well as in the UV rest-frame domain with the CIII] emis-
sion at λ∼1908Å, combined with the more complex CIV-λ1549
feature, observed both in emission from photo-ionization pro-
cesses and in absorption (Schmidt et al. 2017). In the UV rest-
frame the HeII-λ1640Å line is also expected to be present as
a tracer of the first stellar populations like PopIII present only
on short timescales of a few million years (e.g. Schaerer 2003;
Cassata et al. 2013; Sobral et al. 2015), or from young stellar
populations (Cassata et al. 2013; Kehrig et al. 2015).
The CIII]-λ1908 emission was recently proposed as an al-
ternative to Lyα to identify distant galaxies for which there is
no Lyα in emission (Stark et al. 2014). At intermediate red-
shifts, CIII] emission has been reported starting with the first
laarge spectroscopic census of LBGs (Shapley et al. 2003). At
these redshifts, this line seems to be more prominent for low-
mass systems, and may be correlated to Lyα (Stark et al. 2014).
Several studies report CIII] emission at 2 < z < 4, ei-
ther from individual galaxies (Erb et al. 2010; Talia et al. 2012;
Karman et al. 2014; Steidel et al. 2014), or in high signal-to-
noise stacks (Shapley et al. 2003), independently of whether Lyα
is in emission or not (Le Fe`vre et al. 2015). At z > 6 CIII] is now
reported in the observed spectra of several galaxies (Stark et al.
2015), but absent in others (Sobral et al. 2015; Schmidt et al.
2016) with solid upper limits (Shibuya et al. 2017). However, the
prevalence of CIII] emitters is as yet unknown and a robust ref-
erence to the properties of low to intermediate redshift analogs
to the high redshift CIII] emitters is therefore needed for this
line to be useful in analyzing star-forming galaxies at the high-
est redshifts (Rigby et al. 2015; Du et al. 2016; Stroe et al. 2017;
Amorı´n et al. 2017).
The CIII]-λ1908 emission offers an interesting opportunity
for a diagnostic of the physical conditions in distant star-forming
galaxies. It is a doublet, combination of [CIII]-λ1907Å, a for-
bidden magnetic quadrupole transition and CIII]-λ1909, a semi-
forbidden electro-dipole transition (Stark et al. 2014), with a
critical density Ne≈1010cm−3 and requiring an ionizing poten-
tial of 24.4 eV. In star-forming galaxies the strong ionizing flux
produced by young hot stars may be sufficient to photo-ionize
Carbon with the production of CIII] photons. The strong ioniz-
ing background produced by active galactic nuclei (AGN) also
leads to the ubiquitous CIII] emission observed in quasar spec-
tra (Vanden Berk et al. 2001). Strong CIII] emission with an
equivalent width EW(CIII]) in excess of 20Å can mainly be
produced by the hard ionizing spectrum of an AGN, or, in ex-
ceptional cases, by extreme stellar populations, as described in
Nakajima et al. (2017). Sufficient ionizing flux may also arise in
the presence of shocks, e.g. produced by SNe, jets from a radio-
source (e.g. Best et al. 2000), or from gas compression during a
merger event (Bournaud et al. 2011). Characterizing the source
of CIII] emission can therefore provide important clues on the
star formation and the co-evolution with AGN, and in partic-
ular the possibility of AGN activity quenching star formation,
a mechanism proposed to evolve star-forming galaxies at high-z
into quiescent galaxies at z ∼ 1−2 and below (Silk & Rees 1998)
(for a recent account see e.g. Barro et al. 2013; Dubois et al.
2013).
In this paper we seek to characterize the prevalence and prop-
erties of CIII]-λ1908 emitters in the general star-forming galaxy
population at redshifts 2 < z < 3.8 using rest-frame UV spec-
tra obtained from the large VIMOS Ultra Deep Survey (VUDS,
Le Fe`vre et al. 2015). The large sample of 3899 galaxieswith the
most reliable redshift measurements in VUDS, representative of
the star-forming galaxy population at these redshifts, enables for
the first time to establish the distribution and properties of the
CIII] emission 10.8 to 12.5 Gyr back in cosmic time.
We summarize the VUDS survey properties relevant for
CIII] observations in Sect.2, and present the methodology to
measure CIII] equivalent width and flux together with exam-
ples of individual CIII] emitters of different strengths. The av-
erage spectral properties of the different CIII] populations are
described in Sect.3, including an attempt to identify the con-
tribution from AGN. The Ly−α properties of CIII] emitters are
discussed in Sect.4. We derive the equivalent width distribution
of CIII] emitters and the CIII] emitters fraction among young
star-forming galaxies in Sect.5. We discuss the general observed
properties of the CIII] emitters in Sect.6 including their position
on the SFR-Mstar plane. Evidence for AGN feedback quenching
star-formation is presented in Sect.7. A summary is provided in
Sect.8.
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The data presented in this paper are further analyzed in
light of a wide grid of photoionization models, as discussed by
Nakajima et al. (2017).
When quoting absolute quantities we use a cosmology with
H0 = 70 km s−1 Mpc−1, Ω0,Λ = 0.7 and Ω0,m = 0.3. All magni-
tudes are given in the AB system. We use a definition of equiva-
lent width with positive values indicating emission and negative
values indicating absorption.All equivalent width measurements
are given in the rest frame.
2. CIII]-λ1908Å emission in VUDS
2.1. Detecting CIII] in the VUDS spectra
Spectra of ≈10 000 objects have been obtained for VUDS to
study galaxy evolution in the redshift range 2 < z < 6+. The
reader is referred to Le Fe`vre et al. (2015) for a detailed descrip-
tion of the survey observations, and methods applied to pro-
cess the data and measure key parameters, including the spec-
troscopic redshift zspec, as well as Tasca et al. (2017) for a de-
scription of the VUDS-DR1 first data release.
The key element of this sample is that the spectroscopic tar-
gets are mainly selected based on their photometric redshifts
which satisfy zphot + 1σ ≥ 2.4 and iAB ≤ 25, with a well-defined
selection of objects. The wavelength range of the final spectra
is 3600 < λ < 9350Å, cumulating 14h integrations in each of
the LRBLUE and LRRED grisms of the VIMOS spectrograph
on the ESO Very Large Telescope (Le Fe`vre et al. 2003), with a
spectral resolution R ∼ 230.
Standard data processing is performed using the VIPGI envi-
ronment (Scodeggio et al. 2005), followed by redshift measure-
ment using the EZ package (Garilli et al. 2010). The target se-
lection produces a final VUDS sample representative of the star-
forming galaxy population in the redshift range 2 < z < 6.5,
flux–selected from the rest-frame continuum UV luminosity.
An important aspect of the VUDS is the wide field (large vol-
ume) covered. A total of 1 deg2 is covered in three fields in-
cluding the COSMOS, ECDFS and VVDS-02h fields. This en-
ables to reduce cosmic variance in the redshift range of interest,
to below 10% (Moster et al. 2011). We identify galaxies with
Lyα in emission as well as in absorption (Le Fe`vre et al. 2015,
e.g. Figure 19 and 20), and the fraction of Lyα emitters with
EW(Lyα)>25Å in the redshift range of this study is ∼ 11%
(Cassata et al. 2015).
The instrumental setup translates to the ability to follow the
CIII] line reliably from a redshift z = 2 up to z ≃ 3.8. At the spec-
tral resolution of the observations, the CIII] λ1907–1909 doublet
is not resolved, and for the remainder of this paper, we will re-
fer to the doublet simply as CIII]-λ1908, or CIII]. The ability
to identify CIII] varies with the observed wavelength in a non-
linear way, as the line will appear on top or in-between the strong
night-sky OH emission. This aspect is further discussed below.
All other lines bluer than CIII] and redder than Lyα useful for
spectral diagnostics can be followed for 2 < z < 3.8. We are
therefore restricting the VUDS sample to the 3899 galaxies ob-
served in the redshift range 2 < z < 3.8, with spectroscopic
redshift measurements going from reliable (flag 2 and 9, ∼80%
probability of being right) to very reliable (flag 3, 4, ∼100%
probability of being right, Le Fe`vre et al. 2015).
A large range of ancillary data is available for galaxies in
VUDS, with physical parameters obtained from spectral en-
ergy distribution (SED) fitting of the multi-wavelength photo-
metric data (Tasca et al. 2015; Thomas et al. 2017), including
stellar mass, star formation rate, dust extinction E(B-V), age,
or metallicity. The possible presence of obscured AGN in the
sample, with an obscured view of the central engine, is not ex-
pected to strongly contribute to the overall UV continuum (e.g.
Bundy et al. 2008; Assef et al. 2010; Hainline et al. 2012). The
physical properties of galaxies derived from SED-fitting using
templates which do or do not include an obscured AGN compo-
nent are compared in Bongiorno et al. (2012) who find little dif-
ferences on stellar masses and star formation rates. Galaxy sizes
used in this study are drawn from those measurements reported
in Ribeiro et al. (2016b) and we also draw on the morphology
analysis of bright clumps made in Ribeiro et al. (2016a).
2.2. Measurements of CIII]-λ1908 equivalent width and flux
The measurement of line flux and equivalent width (EW) is per-
formed on each galaxy individually. We first measure the flux
and EW of CIII] using a custom code in IDL to define the sam-
ple of CIII] emitters (following Lemaux et al. 2010). When CIII]
falls in wavelength domains with moderate to strong OH sky
lines, we flag galaxies for which this is the case in the follow-
ing way: we raise a ’sky flag’ when any such OH sky line (as
given in Hanuschik 2003) falls within a 17Å bandpass defin-
ing the CIII] line (we use bandpasses of 25Å and 23Å for HeII
and CIV, resp.).We then iterate manually on these measurements
performing a direct line integration using the splot tool in IRAF
to obtain the final measurements of EW and flux, after the iden-
tification of the continuum under CIII] evaluating the continuum
level on each side of the line, and updating the automated mea-
surement if necessary. We proceed in the same way to obtain
measurements of CIV-λ1549, HeII-λ1640 and other lines of in-
terest, while for Lyα we use a similar technique but perform the
continuum estimate from the red side of the line only.
We estimate the median error in measuring the EW of a line
as the r.m.s. uncertainty resulting from noise on the spectra as
measured on each side of the line, and we typically measure
1σmedian(EW) = 1.0Å for all lines of interest. This results into a
3σ lower limit of 3Å on EW(CIII]), limited by the faintness of
the sources as observed in low R ≃ 230 resolution spectra.
For 2543 galaxies the background noise at the wavelength
of CIII] is not affected by sky residuals or other instrumental
defects. We find that 1763 of these galaxies have CIII] in emis-
sion, EW(CIII])> 0, while 429 and 120 galaxies have a signal-
to-noise of the CIII] line larger than 3 and 5, respectively.
3. Average CIII] properties from stacked VUDS
spectra
3.1. CIII] populations
To analyse the CIII] emitters, we arbitrarily split the VUDS sam-
ple of star-forming galaxies with 2 < z < 3.8 and S/N>3 in the
following sub-samples:
– EW(CIII]) >20Å: the ”very strong emitters” (31 galaxies)
– 10 < EW(CIII]) ≤ 20Å: the ”strong emitters” (109 galax-
ies)
– 5 < EW(CIII]) ≤ 10Å: the ”medium emitters” (289 galax-
ies)
– 0 < EW(CIII]) ≤5Å: the ”weak emitters” (1334 galaxies)
– ”SFG”: A UV-rest selected representative sample of 1455
star forming galaxies from VUDS (with the best reliability
flags 3 and 4), including 951 with 2 < z < 3 and 504 with
3 < z < 4
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The median EW(CIII]) for the first four categories are 27.1,
13.8, 8.0, and 3.4Å, respectively. This compares to EW(CIII])=
2.0 ± 0.2 and 2.2 ± 0.2Å for the whole population of UV-rest
selected SFGs at 2 < z < 3 and 3 < z < 4, respectively.
Examples of CIII] emitters over the range of observed
EW(CIII]) are presented in Figs. 1 to 3.
Individual spectra of CIII] emitters show a wide range of
properties. We observe that CIII] emission occurs in galaxies
with Lyα either in emission or absorption. This is further in-
vestigated in Sect. 4. The presence of CIV-λ1549 emission in-
dicates a substantial flux of ionizing photons with energies in
excess of 47.9 eV. Depending on the spectra, and best identi-
fied in the stacks (see below), a wealth of absorption and emis-
sion lines are identified. The most common emission lines be-
side CIII] and Lyα are CIV-λ1549 (a blend of CIV-1549 and
CIV-1551, combining nebular emission and stellar absorption)
and HeII-1640, and we also observe OIIII]-λ1663 (blend of the
λ1661-1666 doublet at the resolution of VUDS), NIII-λ1750,
NIV-λ1485, as well as NV-λ1240, SiII-λ1309, SiIII-λ1888 and
SiIV-λ1403. In rare cases Lyβ and OVI-λ1035 are also observed
in emission.
Similarly to Le Fe`vre et al. (2015) we produce summed
(”stacked”) spectra of VUDS galaxies in the rest-frame using
the VUDS catalog redshift (as described in the presentation of
the first VUDS data release, Tasca et al. 2017). These stacks
are produced by normalizing the continuum between 1300 and
1600Å and summing the flux from all galaxies in a given cate-
gory defined above, using the scombine task under IRAF, with
sigma clipping set at 3σ. In these stacks, we do not use objects
identified as AGN, either with broad line or NV-λ1240 emission
presented in Sect. 3.2.
We find that the lower EW measurements include significant
contamination from noise, that we correct to obtain the fraction
of emitters as a function of EW(CIII]) as described in Sect.5.
Spectra for each of the stacks are therefore selected from the
complete VUDS sample galaxies but keeping only those objects
with a CIII] signal to noise larger than 5, and satisfying a visual
inspection such that CIII] is clear of sky subtraction residual or
other spectral defect. A total of 43, 31, 30, and 16 spectra are
stacked for the weak, medium, strong and very strong emitters,
respectively. Stacked spectra for these different categories are
shown in Fig. 4. For the ”SFG” sample we do not apply any sig-
nal to noise restriction, as the sample is large enough to produce
a stable stack.
The spectra show interesting features which change when
EW(CIII]) is increasing: besides the Lyα properties discussed in
Sect. 4, we find emission lines of several atomic species which
appear and grow stronger. For the whole SFG population we ob-
serve both CIII] and HeII-λ1640 in emission, as well as a fainter
CIV-λ1549 emission partially suppressed by strong absorption
with a P-Cygni profile. Observing both CIII] and HeII in emis-
sion is expected as these two lines are ionized under similar con-
ditions as the energy required to ionize helium is only slightly
greater than the energy required to doubly-ionize carbon (24.6
vs. 24.4 eV), and faint HeII emission is frequently observed in
the general population. The HeII emission presents a useful diag-
nostic for very young as well as more exotic stellar populations
(Schaerer 2003; Cassata et al. 2013) and will be discussed in a
forthcoming paper.
As EW(CIII]) increases we observe in the stacked spectra
that HeII and CIV are getting stronger, interstellar medium lines
like SiII-λ1260, OI+SiII-λ1303, CII-λ1334, SiV-λλ1393.76-
1402.8, are filling-in, OIII-λ1663 appears for 5<EW(CIII])<10,
and NIV-λ1645 and NIII-λ1750 are both visible for the
10<EW(CIII])<20 stack. The combined spectrum of the
strongest emitters with EW(CIII])≥20 strikingly shows a wealth
of strong emission lines, as presented in Figure 5. Besides
CIII], we identify the following lines in emission: NV-λ1240,
SiII-λ1309, SiIV-λ1403, NIV]-λ1485, CIV-λ1549, HeII-λ1640,
[OIII]-λ1663, NIII]-λ1750, SiIII]-λ1888, with a spectrum com-
parable to that of the UV-selected AGN sample at z ∼ 2 − 3
from Hainline et al. (2011). With OIII-λ1663, SiIII, NIII, NIV
and NV requiring energy levels above 35.1, 16.3, 29.6, 47.5, and
77.5 eV, respectively, this is in line with the ionizing field in
these galaxies getting stronger.
We provide measurements of EW and line flux relative to
CIII] from the stacked spectra of the different CIII] populations
in Table 2, and in Table 3 for the whole SFG populations at
2 < z < 3 and 3 < z < 4. We also indicate the slope β of the UV
continuum, parametrized as Fλ ∝ λβ, measured from the contin-
uum values between 1400Å and 2100Å rest-frame (Hathi et al.
2016). To measure these continuum values, we fit the observed
continuum with a cubic spline excluding 30Å around known
emission and absorption features. We observe that β is smaller
(continuum steeply declining with wavelength) for the strongest
CIII] emitters with β=−1.76±0.06, and gradually become flatter
for populations with decreasing EW(CIII]), reaching β = −0.92
for the whole SFG population. This observation corroborates the
presence of a stronger UV ionizing field for the strongest CIII]
emitters.
3.2. Contribution from AGN
We make an attempt to identify the contribution of AGN to the
SFG population. Four objects among the 3899 sources with 2 <
z < 3.8 meet the conditions to be classified as broad-line type-I
AGN, imposing that one or more of the observed emission lines
in the VUDS spectral window have FWHM > 1000km/s. These
objects present spectra similar to broad-line quasar spectra at
similar redshifts (e.g. Vanden Berk et al. 2001), as can be seen
in the stacked spectrum on the bottom panel of Fig.6.
The NV-λ1240 emission requires a strong ionizing field ∼77
eV, and therefore has been proposed as a criterion to identify nar-
row line type-II AGN (e.g Hainline et al. 2011). As this criterion
may not strictly be exclusive of other ionization source for weak
NV emission, we search for emitters with EW(NV)>10Å which
are most likely type-II AGN, and we identify seven such narrow
emission line objects.
The stacked spectrum of the strong NV emitters is shown
in the top panel of Fig.6. We easily identify Lyβ, OVI-λ1032,
Lyα, NV-λ1240, SiIV-λ1403, NIV-λ1485, CIV-λ1549, HeII-
λ1640, OIII]-λ1664, CIII]-λ1908, CII]-λ2326, [NeIV]-λ2424,
in emission. The CIV/CIII] flux ratio for these VUDS narrow-
line AGN range from 1.2 to 4.7 with a median CIV/CIII]=
2.7. This ratio is lower than the class A composite spectrum
of type II quasars presented in Alexandroff et al. (2013) with
CIV/CIII]= 7.5. However, it is higher than the sample of type
II AGN in Hainline et al. (2011) for which CIV/CIII]∼ 1.3,
rather consistent to that of radio-galaxies at similar redshifts
(Villar-Martin et al. 1997; Stern et al. 1999; Matsuoka et al.
2009), is higher than SFGs which have a typical ratio below
unity (Nakajima et al. 2017).
Some contribution to the CIV-λ1549, SiIV-λ1403 and NV-
λ1240 may be coming from stellar winds produced by strong
star formation. Studying a sample of local analogs to high-
z Lyman break galaxies Heckman et al. (2011) indicate that a
4
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Fig. 1. Example VUDS spectra of CIII]1908 emitters with very strong EW(CIII]) ≥20Å. Note the diversity of strong CIII] emitters
spectra, including strong Ly−α emission as well as weak Ly−α emission (ID:510788005 and ID:510580298).
broad NV-λ1240 line, with a P-cygni profile, could arise from
stellar winds produced by hot (O) stars. Still only a few galax-
ies have CIV/CIII values comparable to even the lowest values
among the NV-detected galaxies, making a pure star formation
interpretation unlikely to be correct at these low redshifts.
Interestingly two out of seven strong NV emitters showweak
or absent Lyα emission (see object 520391642 in Fig.1). These
two objects present a red UV continuum (β slope +2.3 and +0.8)
and may therefore have dusty ISM conditions which are prevent-
ing Lyα to escape. The AGN type II stack has a much redder
continuum slope β = +0.2± 0.05 compared to the CIII]-selected
star forming populations discussed in Sect.3.1 with β > −1.6.
These results are in line with those presented by Hainline et al.
(2011). This indicates that the internal extinction is stronger in
the AGN population, and that a combination of a dust-obscured
AGN and star formation component may combine to produce
the observed spectra.
We note that the AGN sample we have identified here based
on NV are almost certainly, as we shall see later, a small sub-
set of the total AGN population. The criteria to identify type II
AGN fromUV-rest spectra vary from sample to sample in the lit-
erature, and we point out the necessity to perform a quantitative
spectral line analysis rather than an empirical classification. This
is developed in Nakajima et al. (2017) where various diagnostic
diagrams using UV emission lines and based on photoionization
models are discussed, and in particular pointing to the need of
using different line ratios to separate star formation from AGN.
Nakajima et al. (2017) claim that the population of strong and
very strong CIII] emitters presented here must include AGN to
explain the high EW(CIII]) and the location of these galaxies in
diagnostic diagrams using observed UV line ratios. This is fur-
ther discussed in Sect.6 and 7.
We searched for individual X-ray counterparts of CIII] emit-
ters using Chandra observations in the CDFS (the 7 Ms cata-
log of Luo et al. 2017) , in COSMOS (the Legacy catalog of
Civano et al. 2016; Marchesi et al. 2016) , and the XMM data in
the VVDS-02h field (the XMM-LSS catalog of Chiappetti et al.
2013), with flux limits LX(2-10keV) ranging from 3 × 1042,
to 3 × 1044 erg/s at z∼3. We found a total of 8 X-ray coun-
terparts, one in CDFS (id #530029221), 6 in COSMOS (ids
#510080080, 510788005, 511707398, 510793659, 510164473,
and 5121237451) and one in the VVDS-02h (id #520426550)
(see also Talia et al. 2017). These sources have X-ray lumi-
nosity in the range 43.8<log(Lx(2-10keV)<44.5. All of these
objects are identified as AGN following the NV analysis de-
scribed above, except one (id #510788005) which is identi-
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Fig. 2. Example VUDS spectra of strong CIII]1908 emitters with 10<EW(CIII])<20Å.
fied in the strong CIII] emitters list. We then performed X-ray
stacking analysis on the list of strong and very strong emit-
ters in the COSMOS field using the maps and source catalog
of Civano et al. (2012). We used the the CSTACK tool to sep-
arately stack the sources in the very strong and strong CIII]
emitters lists after excluding the two objects with an individ-
ual detection. In the stack of galaxies in the very strong sample
the corresponding mean count rate per galaxy implies logLx(2-
10keV)∼42.6 erg/s at z∼3, with a noise level in the map of
logLx(2-10keV)∼42.7 erg/s, meaning no significant detection.
Conversely, in the strong sample there is a 2σ detection with
a count rate implying logLx(2-10keV)∼42.9 erg/s, with a noise
level in the map of logLx(2-10keV)∼42.6 erg/s. The current X-
ray imaging is then not deep enough to firmly confirm the pres-
ence of an X-ray source. However, the tentative 2σ detection
indicates that X-ray imaging is consistent with the very strong
and strong CIII] emitting galaxies hosting low-luminosity AGN
with X-ray luminosity as observed on the faint end of the AGN
luminosity function at these redshifts (Georgakakis et al. 2015).
4. Lyman−α properties of CIII] emitters
We investigate the relationship between CIII] and Lyα emis-
sion in Figure 7 using the sample of CIII] emitters with S/N>5.
Looking at the relation between CIII] and Lyα from the spec-
tral stacks (Tab.2), we find a strong correlation with a Pearson
correlation coefficient rP = 0.99 and Spearman rank correlation
coefficient rS = 1 (rP or rS equal to one indicate a perfect one
to one correlation). However, from the individual emitters, while
we observe a trend for the strongest CIII] emitters to also tend to
be strong Lyα emitters with a correlation significant at about the
3σ level (Student t-test), this correlation has a large dispersion.
This correlation further weakens when restricting the sample of
CIII] emitters to EW(Lyα)<50Å with rP = 0.2, similarly to that
noted by Rigby et al. (2015).
The analysis of individual emitters demonstrates that the
presence of Lyα in emission increases the probability of de-
tecting CIII], but that strong Lyα emission does not necessarily
mean strong CIII] emission, or vice-versa. There are indeed nu-
merous examples of galaxies with CIII] in emission and no or
weak Lyα emission (some are presented in Fig.1 and Fig.3). We
reach similar conclusions when looking at the CIV-λ1549 line
versus Lyα emission.
This behavior is somewhat expected as the radiative trans-
fer of Lyα or CIII] photons is markedly different. As a strik-
ing example we point to object 520391642 (second from top in
Figure 1) which shows strong CIII] (EW>20), as well as CIV,
HeII or NV, but only weak Lyα emission. Our results compare
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Fig. 3. Example VUDS spectra of weak CIII]1908 emitters with 0<EW(CIII])<5Å.
well with the literature once the large spread of the relation be-
tween EW(CIII]) and EW(Lyα), the selection, and the size of
different samples, is taken into account. Looking at the average
properties from stacks, our results agree well with Shapley et al.
(2003). VUDS galaxies span a broad range of properties, includ-
ing galaxies with and without Lyα in emission, expanding from
smaller and possibly biased samples for which a stronger cor-
relation between Lyα and CIII] is reported (Stark et al. 2014,
2015; Rigby et al. 2015; Guaita et al. 2017).
We find that galaxies with EW(Lyα)>25 (the definition of
a Lyα emitter, LAE), have a 42% and 20% chance to be emit-
ting CIII] and CIV at an appreciable level (EW>3Å), respec-
tively. For those galaxies emitting both Lyα and CIII] at these
levels, the median EW(CIII]) is 7.7Å as compared to a median
EW(CIV) of 3.4Å for the average LAE emitting CIV.
5. Distribution of EW(CIII])
To answer the question of how frequently CIII] emission is ob-
served in UV-selected galaxies, we seek to establish the frac-
tion of CIII] emitters in the VUDS sample as a function of
EW(CIII]). While it is straightforward to identify strong CIII]
emitters it is more difficult to separate weak emitters from noise.
We therefore proceed with a statistical analysis of the distribu-
tion of CIII] emission for the 3899 VUDS galaxies with 2 < z <
3.8.
If CIII] emission is absent and in the presence of noise, the
line measurement resulting from the process presented in Sect.
2.2 could result on either a false positive or negative EW. As
CIII] is only expected in emission, we use the distribution of EW
measurements indicating absorption as an estimate of howmany
CIII] emission lines could be produced from noise spikes, under
the assumption of a Gaussian noise distribution. We compute the
distribution for EW(CIII])<0, make the EW of this distribution
positive (emission), and subtract this distribution from the distri-
bution of EW(CIII])>0 to statistically correct the distribution of
EW(CIII]) for false CIII] emission measurements and obtain the
EW distribution for CIII] emitters. For each EW bin we com-
pute the associated error from the quadratic sum of the observed
numbers of emitters and non-emitters.
The resulting rest-frame EW(CIII]) distribution is shown
in Figure 8, presented as the fraction of emitters with a given
EW(CIII]) over the full population of UV-selected star-forming
galaxies, both differential and cumulative. The fraction of emit-
ters decreases from a peak at low EW down to the largest nar-
row line emission galaxies with EW(CIII]) ∼ 40Å, as expected.
We find that the population of star-forming galaxies contains
4.0± 1.2% of strong emitters with EW(CIII]) > 10Å, including
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Fig. 4. Composite spectra of CIII]1908 emitters identified in the VUDS survey at 2 < z < 3.8. From top to bottom: stack of 43
emitters with 10<EW(CIII])<20, 31 emitters with 5<EW(CIII])<10, 30 emitters with 0<EW(CIII])<5, and, for comparison, a stack
of 450 galaxies representative of the general SFG population in the redshift range 2.8 < z < 3.8.
1.2±0.4% of very strong CIII] emitters with EW(CIII]) > 20Å,
and 20±3.1% of weak emitters 3 < EW(CIII]) < 10Å. The line
emission distribution shows that CIII] emission is present above
EW(CIII])=3Å for less than one fourth of UV star-forming
galaxies at z ∼ 3.
Besides Lyα, the CIII] line remains the most frequent emis-
sion line observed at EW>3Å. By comparison a similar anal-
ysis shows that about 10% of the galaxies emit CIV at a level
EW(CIV)>3Å sufficient to claim detection from VUDS spectra.
6. Properties of CIII] emitters
6.1. LNUV , Mstar, SFR, morphology, of CIII] emitters
In this section we compare the population of CIII] emitters to
the general properties of the star-forming galaxy population. We
present the relation between the rest-frame near UV luminosity
LNUV , the SFR, Mstar, SSFR, and total size rtot, as a function of
EW(CIII]) in Fig.9, including the significance of the correlation
using the Pearson correlation coefficient rP and Student t-test
significance.
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Fig. 5. Composite spectrum of 16 CIII]-λ1908 emitters identified in the VUDS survey at 2 < z < 3.8, with CIII] detected in
emission with S/N > 5 and EW(CIII])>20Å. The main emission lines associated to CIII]-λ1908 emission can be identified as:
Lyα, NV-λ1240, NIV]-λ1485, CIV-λ1549, HeII-λ1640, OIII]-λ1663, NIII]-λ1750, SiIII]-λ1888.
We find that the LNUV luminosity is decreasing with increas-
ing EW(CIII]), from a median L˜NUV=10.2 in 5<EW(CIII])<20
to L˜NUV=9.9 for EW(CIII])≥20, with rP = −0.28, a correlation
significant at the 3.4σ level. If this trend is maintained to higher
redshifts, one may expect to observe a higher fraction of CIII]
emitters in lower luminosity galaxies into the reionisation epoch
than reported in Sect.5.
The SFR is also decreasing with increasing EW(CIII])
(rP=0.3, significant at 3.6σ), with a decrease of ∼20% for emit-
ters with EW(CIII])≥20 compared to 5<EW(CIII])<20. With
EW(CIII]) dependent on the ionizing field, and the strongest
CIII] emitters partially powered by AGN (Nakajima et al. 2017),
this relation may be due to the quenching of star-formation. This
is discussed in Sect.6.3.
There is a weak trend for the strongest CIII] emitters to have
higher stellar masses than the weaker emitters, but this is not sig-
nificant (rP = 0.08, 0.6σ). The trend in SFR and Mstar combine
for a weak dependency of SSFR with EW(CIII]) (rP = −0.31,
3.3σ). There is no apparent trend with EW(CIII]) of the dust
extinction from the E(B-V) computed from SED fitting.
A visual morphological classification is performed on each
of the CIII] samples (Tab.1), using the HST F814W images
available in the COSMOS and ECDFS fields (for details on the
imaging data on the VUDS sample, see Ribeiro et al. 2016b).
The very strong CIII] emitters have a morphology dominated
by compact galaxies (r100<1 kpc, see Ribeiro et al. 2016b) and
galaxy pairs with separation less than 20 kpc (see Ribeiro et al.
Table 1. Visual classification of CIII] emitters morphology
Sample Compact Pairs Clumpy & Extended
rT<1kpc1 rp<20kpc2
0<EW(CIII])<10Å 6% 40% 54%
10<EW(CIII])<20Å 39% 39% 22%
EW(CIII])>20Å 25% 44% 31%
1 Total radius (Ribeiro et al. 2016b)
2 Transverse pair separation
2016a). The population of strong CIII] emitters shows a high
fraction of compact galaxies, with an equal fraction of pairs. For
the medium and weak emitters, the fraction of compact galax-
ies is low, the pair fraction remains similar to the other CIII]
samples, but clumpy galaxies and those extended and symmetric
dominate. It therefore appears that CIII] is preferentially emit-
ted in compact and interacting systems, as already pointed out
in the smaller VUDS sub-sample of Amorı´n et al. (2017). This
is further supported by the distribution of sizes as a function of
EW(CIII]) presented in Fig.9, with sizes clearly decreasing with
increasing EW(CIII]) (with rP=−0.44, a correlation significant
at the 5.5σ level).
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Fig. 6. Composite spectrum of 4 type I broad line AGN (bottom panel), and 7 candidate type II narrow line AGN identified from
their NV-λ1240 emission (top panel). See text for details on how these AGN are selected.
6.2. Outflow velocities
The velocity of ISM lines compared to the systemic velocity is
presented in Fig.10 as measured from the stacked CIII] spec-
tra, and the median velocity derived from the individual line
measurements is presented in Fig.11. We set the systemic ve-
locity on the CIII] line, and verified that this agrees with pho-
tospheric absorption lines CIII]-λ1176 and SV-λ1501, as well
as with HeII-λ1640 emission (see Talia et al. 2017). To mea-
sure the velocity of the ISM we use the ISM absorption lines in
Table 2 of Talia et al. (2017), except the FeII-λ1608 line which
is measured to be compatible for being at rest and may be con-
taminated by a blend of absorption features (FeIII, AlIII, NII)
as pointed out by Talia et al. (2017). We also exclude the CIV-
λ1549 line, which is a combination of emission and absorption.
For the whole SFG population at 2 < z < 3 and 3 < z < 4
and the CIII] emitters with 5<EW(CIII])<10Å we detect and
use the above lines to compute the median velocity difference
∆V = δλ/λ × c. For 5<EW(CIII])<10Å emitters we do not
use SiV-λ1402.77 and AlIII -λ1854.72,1862.79 only weakly de-
tected. For EW(CIII])>20 we use SiII-λ1260, SiIV-λ1393.76,
1402,77, SiII-λ1526.71, and AlIII-λ1854.72,1862.79, with the
other lines not detected in the stack of this smaller sample. At
the spectral resolution used for the VUDS sample (Sect. 2), the
instrumental resolution is ∼1000km/s, allowing for an accuracy
in relative velocity measurements of ∼250km/s (Le Fe`vre et al.
2015), and when all ISM lines are well detected as in the whole
SFG samples at 2 < z < 3 and 3 < z < 4, the velocity dispersion
of line velocity measurements is σV (IS M) ∼ 40 − 50km/s.
The resulting relative velocity measurements are quite strik-
ing (Fig.11): we find low velocity outflows with 50 to 150 km/s
for the whole SFG populations at 2 < z < 3 and 3 < z < 4
and medium CIII] emitters, while the outflow velocity increases
to 445 ± 110 km/s for the strong 10<EW(CIII])<20 emitters,
and reaches 1014 ± 205 km/s for the very strong emitters with
EW(CIII])>20, well beyond the escape velocity of such galax-
ies (Cimatti et al. 2013), and comparable to what is observed in
SFGs with AGN at z ∼ 1−2 (e.g. Genzel et al. 2014). As star for-
mation does not seem to be capable to produce outflow veloci-
ties beyond∼600 km/s even for strong starbursts with maximally
efficient winds (Thacker et al. 2006), we conclude that the out-
flows reported here for the stronger CIII] emitters are produced
by an AGN. This is further discussed in the following sections.
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Fig. 7. Rest-frame equivalent width of CIII]-λ1908 EW(CIII]) as a function of EW(Lyα). The least square fit to the individual data
points (black squares) is represented by the black dashed line. The individual galaxies show only a weak correlation, significant at
about the 3σ level, with a large dispersion , with a large dispersion. Galaxies with strong Lyα and weak CIII] are observed, as well
as galaxies with strong CIII] and Lyα in absorption. The EW(CIII]) versus EW(Lyα) points for the median-stacked spectra of the
different categories defined in Sect.3.1 are indicated as blue circles filled in gray, while values for the average stacks in Tab.2 are
indicated as the open blue circles. The correlation between EW(CIII]) and EW(Lyα) appears as very strong (rP = 0.99, rS = 1),
hiding the wide range of properties of CIII] vs. Lyα. As a comparison with the literature, we plot the observed values from the
different Lyα samples of Shapley et al. (2003) (green stars, average for Lyα samples), Rigby et al. (2015) (purple diamonds), and
Stark et al. (2014, 2015) (orange squares).
6.3. CIII] emitters in the SFR vs. Mstar plane
The position of CIII] emitters with respect to the main sequence
(MS) of star-forming galaxies in the stellar mass vs. SFR plane is
presented in Fig.12. The strong and very strong emitters show a
trend of being located below the main sequence (MS) observed
in the same redshift range (Tasca et al. 2015). This is particu-
larly evident for the very strong emitters with EW(CIII])>20,
which are mostly below the MS. For this population it is quite
striking to observe galaxies with low or even very low SFR, but
with very strong CIII] emission. In Fig.13 we present the dis-
tribution of the difference between the SFR of galaxies and the
main sequence identified in Fig.12. The mean SFR difference in-
creases from dMS (S FR) = +0.14± 0.03 (dex, above the MS) for
emitters with 0<EW(CIII])<10Å, to dMS (S FR) = −0.10 ± 0.08
for 10<EW(CIII])<20Å, to dMS (S FR) = −0.27 ± 0.07 (be-
low the MS) for EW(CIII])>20Å. The total shift in SFR of
dMS (S FR) = −0.41 dex between the weak CIII] emitters and
the very strong emitters is significant at more than a 5σ level.
The star formation of the weaker CIII] emitters appears to
be higher than for the bulk of the SFGs. While the whole SFG
population has a median EW(CIII])∼2Å (Tab.2), the population
of weak and medium emitters have EW(CIII])=3.4Å and 8.0Å,
respectively. Producing 3<EW(CIII])<10Å in the absence of an
AGN requires enhanced star formation consistent with this pop-
ulation being above the MS (Nakajima et al. 2017).
The distance to the MS of the strong and very strong CIII]
emitters is more puzzling, as the distance to the MS of these
populations is increasingly below the MS, with a star formation
rate about half that on the MS. A possible interpretation is that
the star formation for a fraction of the strong emitters and a ma-
jority of the very strong emitters is subject to quenching of star
formation. Some of the very strong emitters are more than a fac-
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Fig. 8. Distribution of CIII]-λ1908 equivalent width EW(CIII]) in the UV-selected star-forming population at 2 < z < 3.8. The
shaded histogram shows the fraction of galaxies with a given EW(CIII]) in bins of δEW=1Å (left Y-axis), with Poisson uncertainties
from the population statistics indicated as error bars. The cumulative fraction of galaxies with EW(CIII]) above a given EW(CIII])
limit is drawn as the continuous magenta line (values on the right Y-axis), relative to the total population of SFGs at that redshift.
About 24% of SFGs with 2 < z < 3.8 present CIII]-λ1908Å emission with EW(CIII])≥3Å.
tor of 10 below the MS, which means that the quenchingmust be
very effective, while, at the same time, maintaining a very strong
ionizing field needed to produce EW(CIII]) in excess of 20Å.
We further investigate the properties of the CIII] emitters
looking at the age distribution of the different categories, as pre-
sented in Fig.14, with ages computed in Thomas et al. (2017)
from the joint fitting of VUDS spectra and rest-UV and opti-
cal photometry. We use as an age definition the time since the
onset of the last star formation event which dominate the star
formation history, as modeled by a delayed exponential (see
Thomas et al. 2017). The median age of the galaxies is about
the same for the weak and medium emitters, with 0.29±0.07
and 0.30±0.05 Gyr respectively, it increases to 0.46±0.09 Gyr
for the strong emitters, and reaches up to 0.82±0.13 Gyr for the
very strong emitters. This relative age difference does not qual-
itatively change when using other age definitions like the mass-
weighted age.
As pointed out in Sect.2 as AGN might not dominate the
age sensitive regions of the SED, the presence of AGN is not
expected to significantly alter the stellar mass or SFR measure-
ments obtained from SED fitting (see e.g. Bongiorno et al. 2012)
and the results presented here are thus qualitatively expected to
hold. However, more sophisticated SED modeling will be in or-
der when higher signal to noise data will become available to
separate AGN from stellar populations.
7. Evidence for AGN quenching star-formation
Several feedback-related quenching processes have been pro-
posed, including AGN feedback, stellar wind feedback from
supernovae and massive stars, or environmental quenching
(e.g. Croton et al. 2006; Hopkins et al. 2008; Gabor et al. 2010,
2011). Various pieces of evidence presented in this paper con-
verge to point out that the dominant process producing the ob-
served quenching of star formation in strong CIII] emitters is
AGN related.
Starting from the perspective of analyzing the population of
CIII] emitters, we have uncovered several important and related
observed properties. We find a population of galaxies with high
EW(CIII]), reaching in excess of 20Å (Sect.3.1). These strong
emitters require a strong ionizing field beyond what stellar pop-
ulations can produce, but rather at a level to what can be pro-
duced by AGN (Nakajima et al. 2017). Emission line properties
indicate that a fraction of these galaxies must host an AGN as
discussed in Sect.3.2, and as extensively studied with line ra-
tio diagnostics in Nakajima et al. (2017). Nakajima et al. (2017)
use line diagnostics defined from a large grid of photoioniza-
tion models including stellar populations and AGN to find that
about a third of the strong and very strong emitters in VUDS
require the presence of an AGN to explain the high EW(CIII])
and the position of individual emitters in line ratio diagnostic
diagrams. The strongest emitters present strong outflows with
velocity above 800 km/s beyond what stellar winds can produce,
and rather comparable to that of AGN (Talia et al. 2017). In ad-
dition, we find that the strongest CIII] emitters appear below the
main sequence, with SFR lower by about 0.4 dex for the stronger
emitters compared to the weak emitters, and mean ages almost
three times older than the SFG population (Sect.6.3). The anal-
ysis of stacked X-ray imaging presented in Sect.3.2 further in-
dicates a marginal detection (2σ) for the strongest CIII] emit-
ters consistent with the presence of a low luminosity AGN with
LX(2-10keV)<3×1042 erg/s hosted by those galaxies.
These observed properties all converge to favor AGN feed-
back as the main physical process capable of quenching the star
formation in the strong and very strong CIII] emitters. In an em-
pirical scenario the strong ionizing field is produced by AGN
hosted in the galaxies observed as CIII] emitters. The jets and
winds associated to the AGN would produce strong feedback,
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Fig. 9. Properties of CIII] emitters, from bottom to top: LNUV , SFR, Mstar, SSFR, and total size properties of CIII] emitters as a
function of EW(CIII]). A least square fit to the data is shown as the purple dashed lines, and the Pearson correlation coefficient rP,
number of objects, and the significance of the correlation (Student t-test), are indicated on the upper right corner of each panel. Note
that the rtot measurements are limited to the COSMOS and ECDFS fields where HST imaging is available (Ribeiro et al. 2016b).
depositing energy in the ISM, gradually removing the gas supply
and effectively quenching star formation, driving those galaxies
below the MS. The large age difference of up to a factor of three
observed between the CIII] emitters and main sequence galaxies
may then indicate that the AGN feedback is taking at most a few
hundred million years to operate. We therefore infer that part of
the star-forming population is undergoing AGN feedback with
the quenching of star formation, at any given time 10.5 to 12.2
Gyr after the Big Bang.
With one third of the strong and very strong CIII] emitters
in the SFG sample which must host an AGN (Nakajima et al.
2017), AGN feedback then concerns about one third of the 4%
of the SFG population that we identify with EW(CIII])>10Å. If
the duration of AGN activity at an energy level required to pro-
duce galaxy-wide quenching star-formation is less than the cos-
mic time covered by our observations, the fraction of the SFG
population experiencing AGN feedback and quenching could be
significantly higher. We estimate the quenching timescale as-
suming that SFGs subject to AGN feedback will then transform
into the quiescent galaxies observed at z ∼ 2. The volume den-
sity of quiescent galaxies with a stellar mass Mstar > 1010M⊙
at z ∼ 2 is reported to be ∼ 3 × 10−3 gal/Mpc3 (Brammer et al.
2011; Ilbert et al. 2013; Barro et al. 2013). From the analysis in
this paper, one third of 4% of SFGs above this mass translates
into 3.3 × 10−4 gal/Mpc3. For SFGs at a redshift z ∼ 3 to trans-
form into the right number of quiescent galaxies over a cosmic
time of 1.1 Gyr to z ∼ 2 then requires a quenching timescale
Tquench = (3.3 × 10−4/3 × 10−3) × 1.1 Gyr, or about 0.35Gyr,
with a range 0.25 − 0.47 Gyr given uncertainties on the AGN
fraction. The effective timescale for star-formation quenching
from AGN feedback is currently highly uncertain from one hun-
dred million years up to several hundred million years (, see
e.g. Cattaneo et al. 2009; Kaviraj et al. 2011; Schawinski et al.
2014). Our results therefore seem to favor a long quenching
timescale, as timescales much shorter than 0.35 Gyr would seem
to overproduce quiescent galaxies by z ∼ 2. However, these
numbers are indicative and will need to be refined with improved
statistics on both the fraction of SFGs subject to AGN feedback,
as well as on galaxies truly quiescent by z ∼ 2. Those num-
bers could also need to be adjusted if AGN feedback is only
one of several ways to quench star formation for galaxies with
Mstar > 1010M⊙.
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Fig. 10. Relative velocity of the main ISM absorption lines with respect to CIII]-λ1908Å taken at systemic velocity, for the SFG
population and samples with increasing EW(CIII]). CIII] is in black, and depending on the sample SiII-λ1260 is drawn in cyan,
SiII-λ1303 in green, CII-λ1334 in yellow, 1526 in orange, and 1670 in red.
Our results offer additional evidence for the co-evolution of
AGN and star-formation at z ∼ 2 − 4. Star formation is ob-
served to be present coevally with AGN activity (e.g. Fabian
2012; Cimatti et al. 2013; Karman et al. 2014; Lemaux et al.
2013; Ishibashi & Fabian 2016), and this is what we are witness-
ing in the strong CIII] emitters population.
8. Discussion and summary
In this paper we present a statistical analysis of the properties
of CIII]-λ1908 emitters with two aims: investigate the preva-
lence of CIII] emission in the star-forming galaxy population,
and characterize the properties of the population of CIII] emit-
ters using CIII] as a diagnostic tool, using measurements from
the large sample of 3899 galaxieswith 2 < z < 3.8 in the VIMOS
Ultra-Deep Survey (VUDS), .
The VUDS sample is selected from UV rest-frame lumi-
nosity (iAB ≤ 25) and provides a large unbiased sample of
UV-selected star-forming galaxies in a large volume minimizing
cosmic variance (Le Fe`vre et al. 2015), ideally suited to search
for CIII] emitters, explore their properties and derive the fre-
quency of appearance of this emission line. Spectral line mea-
surements including lines from Lyβ up to CIII] is made possible
from the deep VIMOS spectra. In addition, spectral model fitting
performed simultaneously on spectra and multi-band photome-
try (Thomas et al. 2017) provides physical parameters including
stellar mass, SFR, age, and dust extinction, which are used to
characterize the population of CIII] emitters.
We split our sample in four categories of CIII] emitters span-
ning a range from weak emitters 0<EW(CIII])rest<5Å to very
strong emitters with observed EW(CIII]) up to ≃ 40Å for nar-
row line emission spectra. Individual spectra are stacked to pro-
duce average spectral properties for each category (Figures 4 and
5). We find that, as EW(CIII]) increases, emission lines requir-
ing higher ionizing potential appear, with the strongest emitters
showing NV-λ1240, SiII-λ1309, SiIV-λ1403, NIV]-λ1485, CIV-
λ1549, HeII-λ1640, OIII]-λ1663, NIII]-λ1750, SiIII]-λ1888
(Fig. 5).
We find a correlation between Lyα emission and CIII] emis-
sion (Figure 7), but with a large dispersion as we find strong
CIII] emitters with Lyα in absorption, or strong Lyα emission
and no or weak CIII]. We explore the properties of the CIII] pop-
ulation and find that EW(CIII]) weakly increases with near-UV
luminosity LNUV , and that the total size of galaxies gets smaller
as EW(CIII]) increases (Fig.9).
From the complete VUDS sample we compute the distribu-
tion of EW(CIII]) (Fig.8) and find that about 24% of the pop-
ulation shows some sign of CIII] emission. A first visual im-
pression was already given in the Figure 10 of Le Fe`vre et al.
(2015), as CIII] can be followed clearly from the 2D spectra
image of the whole VUDS sample. We quantify this statement,
finding that 20% of the population shows weak emission with
3 < EW(CIII]) < 10Å, 4% has EW(CIII]) > 10Å, and 1.2%
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Fig. 11. Outflow velocity of ISM lines as a function of EW(CIII]) (filled symbols: velocity from the median values of the ISM lines,
open symbols: mean values)
Fig. 12. Distribution of CIII] emitters with different EW(CIII]) in the Mstar-SFR plane. The CIII] emitters with different EW are
identified by the different colored symbols. The parent sample of star-forming galaxies at redshifts 2 < z < 3.8 in VUDS is identified
as grey symbols with their distribution identified by the contours, and the main sequence of VUDS galaxies at z ∼ 3 is indicated
by black open squares connected by a thick line. We note that both the strong and very strong CIII] emitters are on average below
the MS, with median values identified by the connected orange and red squares, respectively. The lower SFR of these strong CIII]
emitters compared to the MS is possibly resulting from a strong star formation quenching produced by AGN feedback in the host
star-forming galaxies.
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Fig. 13. (bottom three panels) Distribution of distances in SFR from the main sequence for CIII] emitters with increasing EW(CIII]);
(top panel) Distance to the main sequence for individual CIII] emitters. As EW(CIII]) increases the distance to the main sequence
increases.
presents very strong emission with EW(CIII]) > 20Å. We find
that LAE have a 42% chance to show CIII] in emission with
EW(CIII])>3Å.
While the presence of CIII] emission therefore appears rather
frequent, we note that the vast majority of CIII] emitters are
weak emitters making this line difficult to identify, except for the
∼ 4% of the population with EW(CIII]) > 10Å. One therefore
cannot expect to rely on CIII] emission alone as a means to mea-
sure the spectroscopic redshifts of galaxies in a complete sam-
ple of SFGs. Redshift measurements of UV-rest spectra without
Lyα emission will still need to rely on a combination of the most
prominent spectral features. Typically, besides CIII], lines like
CIV, HeII, the continuum break at and below Lyα, and hard-to-
detect absorption features can jointly serve to eliminate degen-
erate redshift solutions.
The fraction of strong CIII] emitters is expected to increase
at higher redshifts towards the epoch of HI reionization (EoR)
at z > 6, only in the presence of a stronger ionizing field than
observed in our sample at 2 < z < 3.8, together with very
low metallicity. Such conditions may exist in the lower luminos-
ity galaxies in our sample (Sect.6.1) and such galaxies may be
prevalent in the EoR. Some analogs to those expected in the EoR
have been discussed in Amorı´n et al. (2017). It is well possible
that as the population of forming galaxies gets younger, with
lower stellar mass, and lower metallicity, the fraction of objects
with strong CIII] emission in the EoR would be higher than in
our sample at z ∼ 3. This may be the case for the very first gener-
ation of stars in the first galaxies (Nakajima et al. 2017). Exactly
how this fraction of strong emitters will increase at higher red-
shifts remains to be investigated.
The main result from this paper is a coherent set of ob-
servational evidence pointing to AGN feedback acting on the
population of strong CIII] emitters. Upon examination of spec-
tral features, we identify four galaxies with broad emission
lines, their quasar-like spectra clearly powered by strong AGN.
We identify 7 objects with NV-λ1240 narrow emission line
EW(NV)>10Å recognized as a potential tracer of AGN activ-
ity. The most striking observational results include the clear evi-
dence for strong outflows up to ∼ 1000 km/s for the strongest
CIII] emitters, and increasingly lower SFR in the SFR-Mstar
plane as EW(CIII]) increases. Such strong outflows require en-
ergy levels beyondwhat stellar winds are capable to produce on a
galaxy scale but are consistent with being powered by AGN (e.g.
Harrison et al. 2012; Cimatti et al. 2013; Fo¨rster Schreiber et al.
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Fig. 14. Age distribution of CIII] emitters with different EW(CIII]). The median age of each population is identified by the vertical
lines color as for their respective sub-samples. The strength of the CIII] emission increases with the mean age.
2014; Brusa et al. 2015). The distribution of CIII] emitters in the
stellar mass vs. SFR plane around the main sequence of star-
forming galaxies is investigated in Fig.12. Our analysis shows
that the strong and very strong emitters are on average below
the MS indicating that the star formation is quenched in these
galaxies, with the SFR decreasing when EW(CIII]) increases.
From X-ray data stacking, we find a marginal 2σ detection con-
sistent with low luminosity AGN with LX(2-10 keV) ∼42.9 erg/s
for the strong and very strong CIII] emitters, as observed on
the faint end of the AGN luminosity function at these redshifts
(Georgakakis et al. 2015).
The physical origin of CIII] emission in relation to the preva-
lent ionizing field is investigated in Nakajima et al. (2017). From
the data presented here, Nakajima et al. (2017) derive various
line ratio diagnostics on the basis of a large range of photoion-
izing models combining CIII]-λ1908 with other emission lines
like CIV-λ1549, HeII-λ1640, OIII]-λ1664. It is found that the
strong and very strong CIII] emitters must host an AGN in or-
der to produce the large EW(CIII]) and observed line ratios. The
spectral analysis in Nakajima et al. (2017) therefore reinforces
our proposed scenario with strong AGN-driven quenching of
star-formation. Without AGN, it seems unlikely to find condi-
tions with the high star-formation activity necessary to produce
strong CIII] and the observed line ratios, while at the same time
producing strong outflows and driving galaxies off the MS. We
rather conclude that it is more realistic that AGN and star forma-
tion activity act together to produce the observed properties of
CIII] emitters.
The signature of AGN have been previously reported in
SFGs at and beyond the peak in SFRD (e.g. Cimatti et al.
2013; Genzel et al. 2014; Talia et al. 2012; Karman et al. 2014;
Talia et al. 2017). The regulation of mass growth from the
quenching of star-formation has been proposed to support an
evolutionary path gradually transforming SFGs at the high-
est redshifts into quiescent galaxies observed at z ∼ 1 − 2
(Barro et al. 2013), with AGN feedback identified from numer-
ical simulations as the prime contender for the quenching of
star formation (Hopkins et al. 2006, 2008). The results presented
in this paper bring further evidence of the presence of AGN in
SFGs at a key epoch of mass build-up in galaxies
The properties of CIII] emitters are consistent with an em-
pirical scenario in which CIII] emitting galaxies with increas-
ing EW host an increasingly larger fraction of AGN produc-
ing the strong ionizing field needed to ionize CIII] to the ob-
served levels. Those AGN drive the strong observed outflows,
and in the end quench star-formation in the host galaxies to pro-
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duce the observed location of CIII] emitters in the SFR-Mstar
plane. The age of the stellar populations of the stronger emit-
ters is found to be about three times that of the weak emitters,
at ∼0.8 vs. 0.3 Gyr, respectively. This may be an indication that
the strongest emitters were the first to experience AGN feedback
and associated quenching. We find that quenching timescales of
∼0.25 − 0.5 × 108 years are required to transform SFGs with
Mstar > 1010M⊙ into the volume density of quiescent galax-
ies observed at z ∼ 2 (Brammer et al. 2011; Ilbert et al. 2013;
Barro et al. 2013).
We conclude that the co-evolution of stellar populations and
AGN is a key ingredient to the star formation evolution and mass
build-up in galaxies at these early times. Future experiments as-
sembling larger datasets will be necessary to investigate whether
the AGN feedback and quenching identified in the redshift range
of this paper and beyond is mass-dependent.
The results presented here point to the need for large compre-
hensive spectroscopic surveys with the power to identify galaxy
populations which may appear as rare but provide important
clues on the first phases of galaxy assembly. Our study paves
the way to a systematic use of spectral line properties and diag-
nostics from the UV to optical rest-frame for future investiga-
tions using next generation facilities like the James Webb Space
Telescope and ELTs.
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Table 2. Equivalent width of emission lines in stacked CIII] spectra
Sample
Line-λ EW(CIII]) ≥ 20Å 10 ≤ EW(CIII]) < 20Å 5 ≤ EW(CIII]) < 10 AGN type II
EW (Å) Flux (relative to CIII) EW (Å) Flux (relative to CIII) EW (Å) Flux (relative to CIII) EW (Å) Flux (relative to CIII)
Lyα 71.7+4
−5 4.6 ± 0.07 58.8
+7.0
−3.5 6.4 ± 0.04 30.3
+2.3
−1.5 5.2 ± 0.2 98.8
+3
−3 6.25 ± 0.06
NV-λ1240Å 0.9+0.3
−0.3 0.05 ± 0.02 0.3
+0.15
−0.15 0.02 ± 0.01 − − 19.1
+2
−2 1.31 ± 0.1
SiII-λ1309Å 0.6+0.2
−0.2 0.07 ± 0.02 0.2
+0.15
−0.15 0.04 ± 0.02 − − 1.7
+0.4
−0.4 0.12 ± 0.04
SiIV-λ1403Å 1.4+0.2
−0.2 0.13 ± 0.03 0.1
+0.15
−0.15 0.02 ± 0.02 − − 1.9
+0.4
−0.5 0.14 ± 0.04
NIV-λ1485Å 2.2+0.3
−0.3 0.19 ± 0.02 0.6
+0.1
−0.1 0.08 ± 0.02 − − 2.5
+0.5
−0.5 0.19 ± 0.05
CIV-λ1549Å 4.4+0.6
−0.5 0.31 ± 0.03 2.4
+0.5
−0.2 0.36 ± 0.02 0.1
+0.2
−0.3 0.01 ± 0.1 38.8
+2.0
−2.1 3.00 ± 0.08
HeII-λ1640Å 4.3+0.7
−0.4 0.27 ± 0.03 3.2
+0.5
−0.3 0.49 ± 0.03 1.7
+0.2
−0.2 0.3 ± 0.06 11.7
+1.0
−0.5 0.92 ± 0.06
OIII]-λ1664Å 5.5+0.6
−0.5 0.27 ± 0.03 1.4
+0.4
−0.3 0.14 ± 0.02 0.7
+0.2
−0.2 − 1.7
+0.6
−0.5 0.13 ± 0.05
NIII-λ1750Å 1.1+0.2
−0.2 0.07 ± 0.03 0.4
+0.2
−0.2 0.04 ± 0.02 − − 1.5
+0.7
−0.6 0.13 ± 0.06
SiIII-λ1888Å 5.0+0.4
−0.3 0.18 ± 0.12 4.0
+0.4
−0.5 0.31 ± 0.10 − − 2.5
+0.9
−0.8 0.19 ± 0.02
CIII]-λ1908Å 23.5+1.6
−1.8 1 ± 0.05 11.1
+1.2
−1.1 1 ± 0.04 7.1
+1.3
−1.1 1 ± 0.15 13.2
+1.2
−1.0 1.0 ± 0.09
UV slope β −1.76 ± 0.08 −1.61 ± 0.03 −1.35 ± 0.02 0.09 ± 0.02
∆Vout f low km/s 1014 ± 205 445 ± 110 137 ± 61 –
Table 3. Equivalent width of emission lines in stacked CIII] spectra
Sample
Line-λ SFGs 2 < z < 3 SFGs 3 < z < 4
EW (Å) Flux (relative to CIII) EW (Å) Flux (relative to CIII)
Lyα 7.9+1.3
−1.3 3.5 ± 0.1 14.8
+1.5
−1.2 4.5 ± 0.12
CIV-λ1549Å 2.78+0.11
−0.06 −2.1 ± 0.05 2.84
+0.15
−0.05 −1.2 ± 0.05
CIII]-λ1908Å 2.0+0.2
−0.2 1 ± 0.05 2.24
+0.3
−0.2 1 ± 0.05
UV slope β −0.94 ± 0.02 −0.92 ± 0.02
∆Vout f low km/s 65 ± 41 98 ± 40
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